Abstract: This paper presents a new methodology that provides the analysis of surface texture 
Introduction

21
In the process of a volcano eruption in general, it is possible to appreciate some spatial deformation of the volcano, also, depending on the type of eruption it is possible to measure the 23 effects of the eruption on the surface [1] . Studies have been conducted to evidence of multi or disparity maps [19] .
The methodology used, contemplates using the Karhunen-Loeve transform to obtain a set of 96 images called principal components to choose the ones that present better contrast. This technique is 97 widely used in the literature [1, 24] , to reduce the number of bands having high correlation, such as 98 the TM and ETM + sensor [25, 26] . component selected, although the greater variability of information occurs in the first three principal 101 components, in our study we used the third component. 
103
The texture on a satellite image is understood as the spatial distribution of gray tones and their 104 statistics such as uniformity, density, roughness, regularity, linearity, direction, frequency and phase
105
[27], thickness and intensity [11, 28] . In short, what is sought is to capture these qualities in order to 106 characterize the texture analytically, to mathematically model these spatial interactions [29] . The 107 characterization has been grouped into four methods which are statistical, geometric or structural,
108
based on models and based on transforms or signal processing [12, 13, 14, 15, 16] .
109
In our work, with the purpose of demonstrating change in texture, two methodologies are 
114
The matrix of co-occurrence represents changes in the distribution of intensities or gray levels of 115 an image and whose elements indicate the frequency with which two gray levels, say i and j are 116 given in the image taking pixels in pairs and separated by a distance d according to a given 117 orientation θ [16] .
118
(1)
119
Where Pi, j is the number of times an event occurs, divided by the total number of possible 120 events, then obtaining a probability matrix; from this it is possible to extract certain statistics that 121 model the texture [11] .
122
For texture estimation in a satellite image, using these statistics requires the determination of a 123 sliding window in which the matrix of co-occurrence is obtained, therefore the respective descriptor 124 whose value represents the entire window, is assigned to pixel corresponding image textures. In 125 determining the size of the window there are no specific rules, but there exist some considerations: step, a subsampling is performed by a factor of two, (data is halved), then turning the first level of transformation (scaling), breaking the image into a series of sub-images of low frequency and a set of 141 high-frequency detail.
143
Results
144
To obtain preliminary textural products using different methodologies, the following 145 conditions were considered: distance one between pixels. As to the orientation, the orientation of 135 ° is used, being coincident 148 with the orientation in which pyroclastic flows were deposited, derived from the main events of the 149 Lascar volcano, these being northeast and mainly southeast. 
151
families to obtain textures, we choose to implement Daubechies wavelet of order 2.
152
The products obtained are presented graphically using Matlab colormap. 
175
Focusing the analysis on the statistical test, it is possible to observe from the color bar of Figure   176 1, that the concentration value is predominantly at the bottom of it, which shows that the differences 177 between the central pixel and its neighbours in the matrix have no great difference, corresponding to 178 a high number of digital levels of similar value. Statistically, the above is reflected in the 179 co-occurrence matrix where the diagonal closest values will indicate a low-contrast image, while that 180 in a contrasted image there will be a greater number of non-zero elements outside of it. bar, which indicates that there is a great similarity between the standard image and that of search.
217
As for the sum of absolute differences (SAD), it is understood that there is a greater correspondence 218 in those sectors where the sum of the difference is minimal. Figure 4 shows that for contrast statistics 
Proposed algorithm
231
The following methodology is proposed, taking into consideration the theoretical aspects 232 discussed in this study and the results obtained, corresponding to a combination of techniques such 233 that, given a set of input images, we detect surface changes. 
247
Being images with different temporality, is recommended a standardized way to achieve a 248 common radiometric scale, for that, the images should be treated by converting digital levels to 249 radiance and then to reflectivity.
250
The next step is the orthogonal linear transformation, to synthesize information and reduce any 251 possible correlation between bands. This requires getting the principal components. Analysis of 252 these components determine the most appropriate for the study. 
256
Of the statistics that can be obtained from the co-occurrence matrix, contrast is suggested,
257
although others that could also be implemented. This statistic does show the texture of the areas 258 identified as superficial change.
259
From the results it appears that a window size of 3x3 is ideal to avoid a contamination effect, 260 however, if the images used have a high geometric resolution, it is pertinent an analysis of the effect 261 of any larger window size. Regarding the separation between pixels a distance of one is the 262 recommended value, and in terms of orientation, it is preferable a preliminary analysis of the study 263 area in order to detect the preferred direction in which the various volcanic products are deposited.
264
Of the existing wavelet families, it is suggested using wavelet Daubechies of order 2, higher 265 orders involve a reduction in the size of the image due to subsampling or decimation process. From 266 the coefficients obtained, the approximation is delivering a unique product for this study. occurred between 1990-1993, 1994-1995 and 2000-2001. 
310
Finally, through the processes developed and the various tests, the hypothesis established at the discussion was a contributions of all authors. 
